In a previous communication, experiments were reported which indicate that the basal (constitutive) level of penicillinase in pathogenic penicillin resistant strains of Staphylococcus aureus can be inducibly elevated 10-to 15-fold by in vitro exposure to penicillin under appropriate conditions (Geronimus and Cohen, 1957) . If similar elevations in penicillinase activity are induced by penicillin treatment in vivo they must modify significantly the antibacterial effectiveness of penicillin. However, bacteria grown in an animal host may differ widely in enzymic and metabolic activities from bacteria of the same strain cultivated in vitro (Smith and Keppie, 1955; Segal and Bloch, 1956 ). Therefore, it was considered important to examine the properties of penicillinase in staphylocci taken directly from an animal host. This paper reports studies of penicillinase activity of staphylacocci isolated from the kidneys of experimentally infected mice.
MATERIALS AND METHODS
Test Staphylococci. Staphylococcus aureus strain 55-C-1, a coagulase positive, penicillinase producer isolated from a nasal culture of a patient at the Beth Israel Hospital, Boston, was used throughout. A penicillin sensitive, coagulase positive strain, MA-26, obtained from the Connaught Laboratories, Toronto, Canada, was used for control experiments.
Cultures were grown statically for about 18 hr at 37 C in a tryptic digest of beef heart broth with 0.1 per cent glucose prepared essentially as described by Shepard (1956) .
Test animals. Male albino Swiss mice weighing about 20 g were infected intravenously with 0.1 to 0.2 ml of an overnight broth culture (Gorrill, 1951) . The infection with strain 55-C-1 followed I This investigation was supported by a research grant E-883 from the National Institutes of Health, U. S. Public Health Service. a course such as described by Smith and Dubos (1956) for their staphylococcal strain, Smith. Three days after infection viable units per pair of kidneys numbered about 109. About 30 per cent of the infected mice died within the 3 days and were discarded.
Isolation of staphylococci from kidneys of infected mice. In order to minimize the influence of post-mortem changes upon the experimental results, each mouse was killed (with ether) separately and its kidneys were removed immediately to a beaker containing 10 ml of ice cold 6.8 per cent sucrose solution. The pooled kidneys were transferred to fresh 6.8 per cent sucrose solution (about 4 ml per pair of kidneys), homogenized first for 2 min in an ice cold Waring Blendor and then for 5 min in an ice cold Potter homogenizer with a teflon pestle. When only 1 or 2 kidneys were ground, the blendor step was omitted.
The staphylococci were separated from the ground kidney tissue by a modification of Hanks' differential centrifugation method (Hanks, 1952) . The crude homogenate was spun horizontally at about 270 G for 7 min at room temperature to separate the coarser tissue fragments. During the remainder of the purification procedure the bacterial suspensions were maintained at 0 to 5 C. The sediment was resuspended in about 5 ml of fresh 6.8 per cent sucrose, centrifuged again at 270 G and the supernatant suspensions combined. Twelve-ml portions of supernatant suspension were then layered upon 15-ml portions of 10.2 per cent sucrose in 40-ml lusteroid centrifuge tubes and spun in an angle head at 3,500 rpm (4,000 G) for 20 min. The supernatant solutions were discarded and the sedimented bacteria were resuspended in the original volume of fresh 6.8 per cent sucrose. The suspension was then layered on 11 per cent KCl and spun in the same way in the angle head. The sediment resulting was suspended in one-half the original volume of 507 0.001 M NaHCO3, spun at 2,500 rpm (2,000 G) in the angle head, and then resuspended in 6 to 10 ml of 0.017 M NaHCO3 by forcing it through a 26 gauge hypodermic needle.
The final bacterial suspensions contained a considerable amount of membranous cellular debris. Similar preparations isolated in control experiments with the penicillin sensitive strain MA-26 had no penicillinase activity as determined by manometric tests and no effect on either penicillinase induction or assay of in vitro grown 55-C-1.
Penicillinase assay. The manometric assay of Henry and Housewright (1947) was used at 37 C with a gas phase of 5 per cent CO2 and 95 per cent N2. In order to obviate further induction during the assay, chloramphenicol in large excess (60 mug/ml) was added to each vessel (Geronimus and Cohen, 1957 (Wadsworth, 1947 
RESULTS
The progress of a strain 55-C-I infection in mice as measured by the number of viable staphylococcal units per pair of kidneys is shown in table 1. The numbers of staphylococci increased progressively from 0.18 X 108 viable units at the end of one day to 26 X 108 viable units at 3 days. However when the count reached 108, macroscopic lesions appeared and with higher counts gross abscesses were apparent. It seemed probable that organisms in the abscesses would lack ready access to penicillin or oxygen, and consequently would be in an unfavorable environment for the demonstration of an inducible increase in penicillinase. Consequently, when penicillin treatment was undertaken, it was started when the count per pair of kidneys was about 5 X 107 in most of the mice, i. e. about 36 hr after infection.
In preliminary experiments information was obtained on the basal level and the further inducibility of penicillinase in staphylococci isolated from the kidneys of both infected untreated mice and infected penicillin treated mice. Once the general nature of the results became apparent, it was possible to perform suitably controlled experiments large enough in scale not only to furnish information on these points but also to help in its interpretation. In these experiments a stock slant prepared from a colony of 55-C-1 reisolated from an infected mouse kidney was used to seed the cultures to be inoculated into the mice. Half of the mice received subcutaneous injections of an aqueous suspension of 500 units of procaine penicillin G at 36, 48 and 60 hr after infection. Seventy-two hr after infection the mice were sacrificed, their kidneys collected and homogenized and the staphylococci in the homogenate concentrated and purified as described in Materials and Methods above. In Luria (1946) . Culture tubes containing 10 ml of melted heart infusion agar at 45 C were each inoculated first with 0.1 ml of appropriate dilutions of a sterile penicillin solution, and then with 0.1 ml of a dilution of a staphylococcal suspension estimated to contain 100 to 1000 viable units per 0.1 ml. Immediately thereafter the contents of the tube were poured into petri dishes, allowed to harden and then incubated at 37 C for 24 hr. The resulting colonies were counted. The data of The third type of experiment was designed to obtain evidence concerning the level of penicillin resistance and its relative homogeneity in organisms cultured both from the stock slant and from the mouse kidneys; for selection of a variant strain might have occurred in these experiments either from an originally heterogeneous culture (Barber, 1949; McCune et al., 1956) or from mutant cells arising during the period of the experiment. In this experiment the inocula were seeded from the same stock slant that had been used in experiments A, B, and C. This stock slant had in fact been inoculated from a single clone isolated from an infected mouse kidney with the express aim of reducing the likelihood of a heterogeneous inoculum.
Staphylococci were isolated from the kidneys of penicillin treated and untreated mice in an experiment entirely comparable to those reported above. Staphylococci from the penicillin treated mice had 10 times the penicillinase activity of those from the control mice. Nineteen colonies were picked at random from the smear plates of the homogenized kidneys of the penicillin treated and the control groups. Each colony was emulsified in 2.5 ml broth in a sterile conical 15 ml centrifuge tube and incubated at 37 C until all tubes were visibly turbid (about 2kj hr). An aliquot of each tube was pipetted into a sterile 12 mm round cuvette, care being taken not to include the macroscopic fragments of the original inoculum which had settled into the narrow tip of the tube. Each suspension was diluted on the basis of its optical density to the equivalent of a 10-4 dilution of an overnight culture. These dilutions were then used in a standard tube dilution penicillin sensitivity test which was read after incubation for 24 hr at 37 C. For purposes of comparison the same test was performed on a broth culture grown from the same stock slant. The results of this experiment are summarized in table 5. The micrococci, both in the stock slant and in the 2 groups of mouse kidneys were not entirely homogeneous with respect to penicillin sensitivity and therefore presumably with respect to penicillinase production under these conditions. However it is clear that the distribution of penicillin sensitivities in the 3 groups does not differ significantly. A similar trend toward a lower number of organisms in the kidneys of the penicillin treated mice was apparent in our experiments. However, in our strain, which is relatively homogeneous with respect to penicillin sensitivity, we have been unable to find any difference in distribution or average level of penicillin sensitivity whether the staphylococci were derived from a broth culture or from untreated or penicillin treated mouse kidney infections. Also, from observation of patients with penicillin resistant staphylococcal infections, some clinicians have formed the opinion that penicillin treatment, usually given with other antibiotics, may be helpful in these often intractable infections (Fisher et al., 1955; Rogers, 1956 ).
Accordingly, it is possible that infections by penicillinase producing staphylococci are somewhat susceptible to penicillin treatment (although only infrequently sufficiently susceptible to affect the clinical outcome) even when no measures have been taken deliberately to inhibit the penicillinase production. Therefore it is reasonable to believe that inhibition of the inducible element of staphylococcal penicillinase may serve to improve the efficacy of penicillin treatment sufficiently to lead to measurable clinical benefit in staphylococcal infections now refractory to penicillin. We have already discussed in a previous communication the general approach that might be taken to seek effective inhibitors of penicillinase induction in staphylococci (Geronimus and Cohen, 1957 
